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© X-ray tube comprising a helical-groove bearing. 

(57) The bearing in an X-ray tube comprising a liquid metal 
lubricated helical-groove bearing is provided with a push- 
pull bearing at one or both end faces of a bearing member. 
Consequently, the bearing member need not be further 
secured so that, notably in the case of suitable cooling of the 
anode disc and the bearing, extremely precise positioning of 
the radiation object point in the tube can be achieved. 
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"X-ray tube comprising a helical-groove bearing." 



The invention relates to an X-ray tube comprising 
an anode disc which is rotatably supported by a helica- 
groove bearing. 

An X-ray tube of this kind is known from GB 

5 2,055»^32 A (PHN 94^3). In an X-ray tube described therein, 
a rotatable anode system which comprises a rotor is jour- 
nalled in a helical-groove bearing as well as in a mag- 
netic bearing in order to achieve a reliable suspension. 
The latter bearing serves notably for the axial position- 

10 ing of the anode system. The addition of a magnetic bear- 
ing makes an X-ray tube substantially more expensive and 
the comparatively strong magnetic fields of such a bearing 
can have a disturbing effect, for example in an X-ray 
image intensif ier/ television network or on the electron 

15 beam in the X-ray tube itself. 

It is the object of the invention to avoid the 
use of an additional magnetic or other bearing while main- 
taining the attractive properties of the helical-groove 
bearing*. To this end, an X-ray tube of the kind set forth 

20 in accordance with the invention is characterized in that 
an axially facing portion of the helical-groove bearing 
is constructed as a push-pull bearing in which a liquid 
metal lubricant cooperates with a pattern of helical 
grooves to that a comparatively strong negative pressure 

25 occurs at this area upon rotation of the bearing* 

A comparatively strong negative pressure can 
be developed in a liquid, depending on liquid proper-ties 
such as the surface energy of the liquid and on secondary 
conditions such as the space in which the liquid is con- 

30 tained and the purity of the liquid. Such a negative pres- 
sure will be lost or will not be developed when vapour 
bubbles can readily occur in the liquid. In order to 
prevent such bubbles, inclusions in the liquid and acute 
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vail portions of the liquid vessel must be avoided. For a 
suitable effect in this respect, the liquid should exhibit 
a comparatively strong adhesion to the wall. For a further 
description of these aspects reference is made to Scien- 
tific American 227, No . 6 , 1972, pp. 58-71 5 for a more 
detailed description of a push-pull spiral-groove bearing 
as such, reference is made to Philips Technical Review Vol. 

35, 1975, No. 1, pp. 11-1^. 

In a preferred embodiment of the invention the 

cooperating bearing surfaces of the bearing are made of 
molybdenum and/or tungsten and the metal lubricant contains 
Ga, for example a Ga, In, Sn alloy. The cooperating axial 
bearing surfaces and the helical grooves provided therein 
do not comprise disturbing, acute transitions and have 
been suitably treated for wetting by a lubricant. The Ga, 
In, Sn alloy has a high surface energy and an adhesion 
to suitable wall materials which substantially exceeds the 
adhesion energy and will, therefore, be suitable for 
achieving a comparatively strong negative pressure. Upon 
rotation, the bearing thus produces a self-adjusting in- 
ternal bais so that the bearing need not be positioned by " 
further bearings . 

In a further preferred embodiment, surfaces of 
the bearing which adjoin the cooperating bearing surfaces 
25 are provided with an anti-wetting layer which consists of 
titanium acetylace tonate dissolved in isopropanol as des- 
cribed in the Patent Application PHN 10,822 filed simul- 
taneously with the present Application. 

A preferred embodiment of an X-ray tube according 
30 to the invention comprises a single he lie al- groove bearing 
with a cylindrical bearing member which is constructed 
as a push-pull helical groove bearing for providing support 
in the axial direction by providing at least one end face 
of the bearing member with a helical-groove pattern which 
35 produces a negative pressure. A bearing thus constructed 
can be provided with ducts for circulating the lubricant 
of the bearing. When a uni -directional bearing would cause 
excessive unbalance of the anode disc with respect to the 
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bearing, a counterweight could be mounted on a shaft 
portion of the anode disc which is remote from the anode 
disc. An X-ray tube comprising such a push-pull bearing 
notably comprises a ceramic support so that the anode can 

5 be maintained at any dBsired potential. 

Some preferred embodiments in accordance with 
the invention will be described in detail hereinafter with 
reference to the drawing, in which Figure 1 shows in sec- 
tional elevation an X-ray tube which comprises a tube 2 

10 with a radiation exit window 4, a base portion 6 and a 
cathode device 8 with a filament IO. An anode disc 12 is 
mounted on an anode shaft 14 to which a rotor 18 and a 
bearing sleeve 20 are secured by means of a mounting ring 
16. The base portion 6 of the tube comprises, for example, 

15 a ceramic connection block 22 as described in US 4,024,424. 
On the connection block there is mounted a flexible, elec- 
trically conductive tube 24 on which there is mounted a 
cylindrical bearing member 26 which fits in the bearing 
sleeve 20 in both the radial and axial directions. At its 

20 cylindrical surface 27 the bearing member 26 comprises a 
helical-groove radial bearing which comprises a herring- 
bone pattern 30 of helical grooves which is formed by two 
groove patterns 29 and 31 which are orientated in opposite 
directions, potentially an intermediate piece without 

25 grooves, and a second herring-bone pattern 34 of helical 
grooves which is formed by two oppositely orientated heli- 
cal-groove patterns 33 and 35. At its two end faces 36 and 
38 the bearing member 26 comprises push-pull helical 
groove axial bearings 40 and 42 each comprising a pattern 

30 of helical grooves 44, for example, as shown in a front 
view in Figure la. This helical -groove pattern is again 
a herring-bone pattern formed by two oppositely orientated 
helical-groove patterns 4 3 and 45. A groove pattern as 
shown in Fig. la produces a pressure distribution A p as 

35 denoted by the reference numeral 46 in Fig. la when pro- 
vided with a suitable lubricant. This is elaborated in 
greater detail in the aforementioned Philips Technical 
Review article. Both end faces 36 and 38 of the bearing 
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member 26 may in principle be provided with such helical- 
groove bearings. Boundary surfaces between two end plates 
k8 and 50, with which the axial bearings kO and hZ res- 
pectively cooperate, and the bearing sleeve 20 are provided 
5 with an eaiti-we tting layer in order to prevent the escape 
of lubricant across these surfaces. The end plates k8 and 
50 may be provided with ducts through which radially 
accumulated lubricant can be forced to circulate in the 
bearing, this stimulating the lubrication. A counterweight 
10 52 may be mounted on the bearing sleeve in order to eli- 
minate any mass unbalance in the rotating anode system 
with respect to the bearing. Notably when a cooling device 
is used in the X-ray tube in order to limit the temperature 
of the anode disc and notably also of the bearing, ex- 
15 tremely accurate positioning of a target for the electron 
beam and hence of an object point for an X-ray beam to 
be emitted can be permanently achieved. Consequently, in 
an X-ray apparatus comprising such an X-ray tube a suitably 
defined and stable beam geometry is obtained, thus im- 
20 proving the imaging quality of such an apparatus. 
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-CLAIM* ; 

I J 



1 m An X-ray tube comprising an anode disc which is 

rotatably supported by a helical-groove bearing, charac- 
terized in that an axially racing portion of the helical- 
groove bearing is constructed as a push-pull bearing in 
5 which a liquid metal lubricant cooperates with a pattern 
of helical grooves so that a comparatively strong negative 
pressure occurs at this area upon rotation or the bearing. 

2, An X-ray tube as claimed in Claim 1, charac- 
terized in that the bearing surfaces of the bearing are 

10 made of molybdenum and/or tungsten, the metal lubricant 
containing a Ga alloy. 

3. An X-ray tube as claimed in Claim 2, charac- 
terized in that surfaces which adjoin the bearing surfaces 
are provided with a titanium ace ty lace tonate anti-wetting 

15 layer . - 

h . An X-ray tube as claimed in Claim 1, charac- 

terized in that the bearing portions are made of steel and 
are provided, after thermal treatment, with a metal lu- 
bricant which contains one of the metals Bi , In and Sn 
20 or a combination thereof, 

5. An X-ray tube as claimed in any of the preceding 

Claims, characterized in that the anode disc is mounted 
on a rotary shaft which carries the rotor and a bearing 
member • 

25 6. An X-ray tube as claimed in any of the preceding 

Claims, characterized in that a bearing sleeve portion is 
provided with ducts for circulation of the lubricant. 
7. An X-ray tube as claimed in any of the preceding 

Claims, characterized in that the push-pull helical groove 

30 axial bearing is constructed to be double-acting, a cylin- 
drical bearing member comprising helical-groove radial 
bearings being provided at each of its end faces with a 
pattern or helical grooves which produces a negative pres- 
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sure . 

8. An X-ray tube as claimed in Claim 7 f charac- 

terized in that the rotary shaft is provided with a 
counterweight at a side of the hearing which is remote 
6 from the anode disc so that the centre of gravity of the 
rotating system is situated at least substantially half- 
way between the two axial bearing portions* 

9^ An X-ray tube as claimed in any one of the pre- 

ceding Claims, characterized in that an anode system which 

10 supports the anode disc is connected to the tube wall via 
an intermediate ceramic structural material. 
lO. An X-ray tube as claimed in any one of the pre- 

ceding Claims, characterized in that for precise, stable 
positioning of a radiation target on the anode disc in the 

15 tube there is provided a cooling device for the anode disc 
and the bearing. 
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